Introduction
During the course of our investigation on m a rine natural products, we have analyzed the brown m acroalga Fucus virsoides J. AG. (Fucales, Phaeo phyceae), present in the North Adriatic sea.
The species Fucus was investigated with particu lar respect to basic physiological features, such as photosynthesis, dark carbon fixation and respi ration [1] , In order to evaluate the nutritive value of some common seaweeds in the northern A dri atic as additional food and animal fodder, Fucus virsoides J. AG., has been analyzed to determ ine the content of ascorbic acid. In cold water areas Fucus species are a rich source of ascorbic acid [2] , Concerning the biological activity, in a preliminary screening for antitum our activity, the chloroform * R ep rin t requests to Prof. Dr. G. Falsone. extract of Fucus virsoides, inhibited the growth of the tum our cells [3] .
In this paper we report on the isolation and structure elucidation of triacylglycerols 1 -3 , fu costerol 4, monogalactosyl diacylglycerols 5 -8 and fucoxanthin 9.
Results and Discussion
The alga Fucus virsoides J. AG., was treated as shown in Scheme 1. The n-hexane/ethyl acetate soluble portion, obtained from the methanolic ex tract of Fucus virsoides, was chromatographed over silica gel in order of polarity, and four frac tions A -D , apparently pure, have been obtained. Chrom atography (silica gel) of the fraction A us ing n-hexane/ethyl acetate (10:1) as eluent af forded the compounds 1 -3 as mixture.
The 'H NM R and 13C NM R spectra of the mix ture 1 -3 , showed signals which were characteristi cally attributable to triacylglycerols. In the 'H NMR Spectrum of the mixture, namely, a triplet at d = 0.87 ppm (terminal methyl group) and a strong broad signal at (3 = 1.27 ppm (methylene chain in fatty acid moiety) were observed. The !H NMR spectrum also showed a signal due to two m ethy lene and a methine group bearing ester oxygens at d (Table I ). In the CI- Table I This fragmentation permits to determ ine not only the kind of acyl resi due but also its position on the glycerol moiety, avoiding so the hydrolysis of the natural products [4] . On the basis of the above data the compounds 1 -3 are: a mixture of l -0 -( 4 , 7, 10-tetradecatri (Fig. 2) . Concerning the biological activity, it has been shown that triglycerides and diacylglyceryl esters, isolated from the eggs of the sea hare Aplysici Kurodai, exhibit vomit and diarrhea [5, 6] .
Chrom atography (silica gel) of the fraction B using «-hexane/ethyl acetate (8:2) as eluent af forded the compound 4, fucosterol. The 'H NMR spectrum of 4 showed signals at d = 5.30 ppm (d; J -4.7 Hz) (H-6) and at 6 = 5.20 ppm (q; J -6.0 Hz) due to the olefinic proton H-28, and at d -3.51 ppm (m) due to the proton H-3. The multiplet at d = 2.25 ppm, due to the proton H-25, is typical for the E-28 isomer, fucosterol, while in the Z-28 isomer, isofucosterol, it is at d = 2.80 ppm [6, 7] . The molecular ion at m/z = 413 (M + l)+, the frag m ent at m /z = 395 (M-18, 100%)+ in the CI-MS spectrum, the fragment at m/z -314 (M -C 7H 14, 100% )+ in the EI-MS spectrum and the 13C NMR data at d = 146.9 ppm (C-24), 140.7 (C-5), 121.6 (C-6), 115.3 (C-28) confirm the structure of fucos terol (Fig. 3) . The presence of the Z-28 isomer, iso fucosterol, and of other sterols hasn't been yet ob served in Fucus virsoides J. AG. The fraction C has been chromatographed on silica gel using n-hexane/ethyl acetate/m ethanol (4 :6 :1 ) as eluent to give the compounds 5 -8 as mixture. The CI-MS spectrum of the mixture ex hibited m olecular ions at m/z = 773 in 5, 795 in 6, and at m /z = 805 (M + l)+ in 7 and fragments at m /z = 593 in 5, 615 in 6 and at m/z = 625 in 7 (M-179)+ respectively, suggesting the loss of a sugar residue located on the carbon C-l of the glycerol moiety (Fig. 4) . O ther fragments at m /z -313, 335 and at m /z = 339 (M-179-FA)+ in 5 -7 , corresponding to the (RC 0+C3H60 2)+ ion, due to the elimination of an acyl residue located probably on the carbon C-3 of the glycerol moiety have been characterized as nonadecanoyl-(C19H370 ) + in 5, 6 and eicosatetraenoyl-(C2oH310 ) + in 7, acyl residues respectively. The compound 8, known as heterosigma-glycolipid I, isolated from the Raphidophycean Dinoflagellate Heterosigma akashiwo [8] (Table II) are in good aggreement with those reported in literature [9, 10] and this suggests that the sugar residue located on the carbon C-l of the glycerol moiety is /3-D-galactosyl. In the CI-MS spectrum of the mixture 5 -8 , the fragments at m /z = 313, 333, 335 and 339, due to (RCO+74)+ ion, were useful in providing informations for the determ ination of the fatty acid residues located on the carbon C-2, characterized as hexadecanoyl, octadecatetraenoyl, linolenoyl, oleoyl residues in 5 -8 respectively. Further structural confirmations were obtained by TOCSY ID , 'H -'H COSY, DQF-COSY and 1H -13C COSY long-range COSY spec tral analysis, which displayed many correlations as shown in Fig. 5 . In the TOCSY 1 D, 'H -'H COSY, DQF-COSY spectra a strong correlation between the H-2 signal and the two methylene signals lo cated at the C -l and C-3 of the glycerol moiety has been observed, while the proton H-5' in the galactosyl moiety correlated strongly with H-6', but weakly with H-4'. In the proton-carbon longrange shift correlation (aH -13C COSY long-range COSY) spectrum, the C H 2-1 (Ö = 3.91, 3.73 ppm) and the H-2' were found to be correlated with the anomeric proton in the galactosyl moiety, while the H a-3 correlates with the signal at d = 173.8 ppm. Based on the findings m entioned above, the structures of the compounds 5 -8 of the fraction C are: (6) and 2-0-(9-octadecenoyl)-3-0-(6, 9, 12, 15-eicosatetraenoyl) glyceryl ß-Dgalactopyranoside (7) and 2, 3-di-0-(6, 9, 12, 15-octadecatetraenoyl) glyceryl /?-D-galactopyranoside (8), respectively (Fig. 6) . Concerning the bio logical activity of glycolipids, a galactolipids, which exhibits anti-inflam m atory activity has been iso lated from the Okinawan marine sponge Phyllos- pongia foliascens (Pallas) [10] . Recently, an exam ination of the antialgal activities of the isolated glyceroglycolipids for Phormidium tenue revealed that the monogalactosyl diacylglycerols, which are major membrane lipids, induced the lysis of this cyanobacterium and showed anti-tum or activity [11, 12] .
From the fraction D, throught repeated column chromatography with silica gel as absorbent, a yel low, crystallized compound 9 has been obtained. The FAB-MS spectrum of the compound 9 shows only a molecular ion at m /z = 665 (M +Li)+, and in the 'H NMR spectrum a num ber of characteristic signals of fucoxanthin in the field at d = 0.96-3.66 ppm have been observed and these are in good aggreement with those reported in literature [13] . The 13C NMR spectrum of 9 and D EPT experi ments confirmed the structure of fucoxanthin [1, 13] . Fucoxanthin (Fig. 7) occurs in brown algae and is probably the most abundant carotenoid in nature [13] . 
Isolation o f the compounds 1 -9
The alga Fucus virsoides J. AG. was harvested in October 1991 from Punta Sottile (North A dria tic Sea, Trieste; Italy). It was first washed and freed from extraneous m atter by hand sorting, then was refrigerated. The frozen alga was minced and lyophilized to give a green powder ( 2 0 0 g) which was then treated according to Scheme 1.
The powder was extracted with MeOH in 5-liter glass bottles for 15 days with occasional shaking. The m ethanol extract, concentrated in vacuo, ( 1 0 g) was extracted successively with a mixture «-hexane/ethyl acetate (1:1). The n-hexane/ethyl acetate extract ( 2 g) was chromatographed over silica gel with A7-hexane/ethyl acetate (10:1) to yield fraction A (250 mg), then «-hexane/ethyl acetate (8:2) to yield fraction B (800 mg) and fi nally with «-hexane/ethyl acetate/m ethanol (4:6:1) to yield fraction C (150 mg) and fraction D (200 mg). The fraction A was purified by flash chromatography using /7-hexane/ethyl acetate (10:1) and the compounds 1 -3 were obtained as mixture. 
